Objective: To examine the day-to-day and within-day variation in urinary iodine excretion and the day-to-day variation in iodine intake. Design: Collection of consecutive 24-h urine samples and casual urine samples over 24 h. Setting: The study population consisted of highly motivated subjects from our Institute. Subjects: Study 1: Ten healthy subjects (seven females and three males) aged 30 ± 46 y. Study 2: Twenty-two healthy subjects (9 males and 13 females) aged 30 ± 55 y. Methods: Study 1: 24-h urine samples were collected for four consecutive days. Study 2: Each urine voided over 24 h was collected into separate containers. In both studies dietary records were kept. Main outcome measures: Twenty-four-hour urinary iodine excretion, 24-h urinary iodine excretion estimated as IaCr*24 h Cr and as a concentration in casual urine samples. Results: Study 1: Both iodine excreted in 24-h urine and iodine intake varied from day-to-day. Iodine excretion correlated with iodine intake (r 0.46, P 0.01). Iodine intake (mean 89AE 6.5 mgad) was not signi®cantly different from iodine excretion (mean 95 AE 5.3 mgad). Study 2: Twenty-four hour iodine excretion estimated as IaCr*24 h Cr from the morning urine sample was signi®cantly lower than actual 24-h iodine excretion, whereas 24-h iodine excretion estimated as IaCr*24 h Cr from the ®rst sample after the morning sample and the last sample before the subjects went to bed was not signi®cantly different from actual 24-h iodine excretion. Twentyfour-hour urine excretion estimated as a concentration was lower than actual 24-h iodine excretion in casual urine taken at any time of the day. Conclusions: For determination of iodine status in an individual, more than one 24-h urine sample must be used. The use of the IaCr ratio in casual urine samples is a usable measure of iodine status if corrected for the age-and sex-adjusted 24-h creatinine excretion. Further, the study suggests that fasting morning urine samples would underestimate iodine status in this population.
Introduction
The best measure of iodine status in a population is continued to be discussed (Brussaard et al, 1997; Furne Âe et al, 1994; Thomson et al, 1996; Thomson et al, 1997) . Measures can be given as absolute iodine excretion in 24-h urine. Because of the dif®culties in obtaining 24-h urine samples, casual urine samples are often used and the iodine is given as a concentration or as the iodine ± creatinine (IaCr) ratio. Twenty-four-hour urinary iodine excretion is normally considered to be the best measure of iodine status in an individual (Hetzel & Dunn, 1989) . However, iodine content of foods varies considerably with relatively few foods having a high content of iodine (Saxholt, 1996) . Therefore, the intake of iodine will vary greatly from dayto-day and likewise, the daily iodine excretion is expected to vary.
To further discuss the use of different measures of iodine status and to ®nd out which parameter should be used in a population study in Denmark, two studies were performed.
The aim of the ®rst study was to investigate the day-to-day variation in iodine excretion and intake, and to relate these two parameters. The aim of the second study was to investigate the within-day variation in iodine excretion.
Methods

Day-to-day variation
Seven women and three men aged 30 ± 46 y (mean 36.9 y) and with body mass index (BMI) of 17.8 ± 24.8 kgam 2 (mean 20.8) participated in the study. They were all healthy and motivated volunteers employed at our Institute. All subjects collected 24-h urine samples for four consecutive days. Morning urine on the ®rst day was not collected, the morning urine on day 2 being the last sample collected in the ®rst 24-h sample and so on.
Urine samples were validated for completeness with paraaminobenzoic acid (PABA). Eighty mg were taken orally at 08:00 h, at 12:00 h, and at 18:00 h and urine samples with a content of PABA below an earlier established cut-off point of 187 mg were rejected (Jakobsen et al, 1997) . The subjects were asked to record the time of the start and ®nish of the urine collection on a form, together with the time of taking the tablets, any lost specimens and intake of medications during the urine collection period.
Within-day variation
Twenty-two healthy subjects (9 men and 13 women) aged 30 ± 55 y (mean 40.0 y) and with BMI of 17.6 ± 26.3 kgam 2 (mean 21.9), all from our Institute, volunteered to participate in the study. They were asked not to take any iodine supplement on the day and the day before the urine collection. All urine voided over 24 hours was collected into separate containers. The last of these casual samples was a morning fasting urine (no food and drinks after 12:00 h) taken between 06:00 h and 08:00 h.
In both studies subjects completed a simple questionnaire about height, weight, use of vitaminamineral supplements and medications, and exercise pattern. Furthermore, in both studies all food and drink were weighed and recorded on the day(s) of urine collection. Iodine intake Figure 1 Variation in iodine intake and iodine excretion over four days in each individual. Study 1.
Day-to-day and within-day variation in urinary iodine excretion LB Rasmussen et al was calculated by using a computer database based on the Danish food database (Dankost 2000, Danish Catering Center, Copenhagen) . Urine was received at the laboratory immediately after collection, volumes were estimated by weight (speci®c gravity 1 gamL) and aliquots of 50 mL were stored at 720 C until analysis. The contents of iodine and creatinine were analysed in all urine samples. Concentration of iodine in urine was determined by the method of Sandell & Kolthoff after digestion of the urine with chloric acid essentially as described by Dunn et al (1993) except that chloric acid was prepared by precipitating a saturated solution of bariumchlorate with concentrated sulfuric acid to avoid the hazards using potassium chlorate and perchloric acid. Only chemicals of analytical purity and glass distilled water were used. The colorimetric part of the analysis was carried out on a Cobas Bio centrifugal analyser at 25 C. The digested urine was preincubated with arsenous acid for 30 min. Standards of iodine with concentrations of 0, 19, 38, 77, 115 and 153 mg IaL and two different controls of pooled urine were included in each run. Unknowns were analysed in duplicate and the concentration calculated from the non-linear standard curve using polynomial regression. The intraserial coef®cient of variation (c.v.) was 0.10 for 50 determinations of one urine sample (mean 34 mgaL) and 0.04 for 50 determinations of another (mean 150 mgaL). The interserial variation was calculated from the 69 control values obtained during the 6 weeks of iodine analysis. The c.v. was 0.16 for the low control (mean 30 mgaL) and the c.v. was 0.07 for the high control (mean 85 mgaL). Addition of nitrite (0.4 mgaL) and thiocyanate (10 mgaL) to urine or standards did not affect the measured values of iodine concentration.
Urinary creatinine was determined by the kinetic modi®cation of the Jaffe method (Bartels & Bo Èhmer, 1971) .
Urine samples from the study about day-to-day variation were analysed for PABA with the use of the HPLC method described by Jakobsen et al (1997) .
The Statistical Package for Social Sciences was used for statistical analysis (SPSS version 7.5.2, Chicago, Illinois). Data were tested for normal distribution with the Kolmogorov ± Smirnoff test. With most data not normally distributed, non-parametric statistical tests were used. Wilcoxon Sign Ranks test was used to compare two variables and the Spearman test to calculate correlation coef®cients.
Power calculation based on Study 2 showed that with a standard deviation (SD) of 50, an a of 5% and a b of 20%, 20 subjects had to be included to determine a difference between e.g. morning fasting urine and the next urine collection of 35 mg.
Results
Day-to-day variation
Eight of the 40 samples were rejected due to incomplete collection. Both iodine excreted in 24-h urine and iodine intake varied from day-to-day (Figure 1 ). The iodine excretion varied up to three times in an individual from one day to another.
Iodine excretion correlated with iodine intake although the correlation was weak (r 0.46, P 0.01, (n 30)). Since iodine intakes were similar in men (89 mgad) and women (95 mgad) they were analysed together. One subject took iodine supplements the ®rst two days of collection and these two samples were rejected from this analysis. There was no signi®cant correlation between iodine intake one day and iodine excretion on the following day (r 0.048, P 0.83, (n 23)). Iodine intake (mean 89 AE 6.5 mgad, median 82 mgad) was not signi®cantly different from iodine excretion (mean 95 AE 5.3 mgad, median 91 mgad) (P 0.13).
Within-day variation
Iodine excretion in all the casual urine samples from each subject were summarised to determine actual 24-h iodine excretion. Actual 24-h iodine excretion was compared with measures of iodine excretion in casual urine samples at different times of the day (Table 1) . One subject was rejected from this analysis because two of the casual urine samples were lost. Results from all casual urine samples are given in mg iodine (I) per gram creatinine (IaCr) and multiplied by expected 24-h creatinine excretion to give a measure for 24-h iodine (IaCr*24 h Cr). Expected creatinine excretions according to age and sex were taken from Kesteloot & Joossens (1997) .
Twenty-four-hour iodine excretion estimated from the morning urine sample was signi®cantly lower than actual 24-h urine excretion whereas iodine excretion estimated from the ®rst urine sample after the morning urine and from the last urine sample before the subjects went to bed was higher but not signi®cantly different from actual 24-h iodine excretion (Table 1) . Iodine excretion given as a concentration in casual urine gave a signi®cantly lower estimate of 24-h iodine excretion than the actual 24-h iodine excretion at any time of the day.
Although the levels were different, signi®cant correlations between actual 24-h iodine excretion and all the mentioned measures for iodine excretion were found (Table 1) . Actual 24-h I excretion 139AE 59a128 IagCr*24 h Cr morning fasting sample 111 AE 58a93* r 0.70 P`0.001 IagCr*24 h Cr ®rst sample after morning sample 160 AE 95a134 r 0.74 P`0.001 IagCr*24 h Cr evening sample 162 AE 86a155 r 0.67 P 0.001 IamL morning fasting sample 87AE 56a76** r 0.61 P 0.004 IamL ®rst sample after morning sample 97AE 59a86* r 0.61 P 0.003 IamL evening sample 89AE 64a77** r 0.62 P 0.003 *P 0.006; **P 0.001. SD standard deviation. Study 2. First column: Actual 24-h iodine excretion compared to 24-h iodine excretion determined as IaCr*24 h Cr and as a concentration in casual urine samples taken at three different times of the day (n 21). Second column: Correlation coef®cients between actual 24-h iodine excretion and 24-h iodine excretion estimated as IaCr*24 h Cr and as a concentration in casual urine samples taken at three different times of the day (n 21).
Day-to-day and within-day variation in urinary iodine excretion LB Rasmussen et al
Both iodine excretion measured as IaCr*24 h Cr and as a concentration varied considerably during the day for the same person. Individual variation coef®cients ranged from 13 to 153 for IaCr*24 h Cr and from 14 to 78 for mg IaL.
Variation in iodine excretion during the day, expressed as IaCr*24 h Cr is shown in Figure 2 and expressed as Iah in Figure 3 . No clear circadian rhythm in iodine excretion was found.
Likewise, the creatinine excretion was not constant throughout the day (Figure 4 ) but no clear circadian rhythm could be established.
No correlation between Cr and IaCr was found (r 70.046, P 0.55 (n 170)). However, a weak negative correlation between urine volume (mL) and iodine concentration (IamL) was found (r 70.324, P`0.001 (n 170)).
No signi®cant correlations between iodine intake after 18:00 h and iodine excretion in the urine sample before bedtime (r 0.106, P 0.64 (n 22)) or in the morning urine (r 0.82, P 0.72 (n 22)) were found.
Results taken from both studies showed that 24-h creatinine excretion varied from 0.83 g to 2.01 g in women and from 1.39 g to 2.06 g in men. Twenty-four hour urine volumes varied from 863 mL to 4430 mL.
Discussion
This study shows that iodine excretion in one 24-h urine sample is insuf®cient to determine iodine status in an individual because of the great variation from one day to another. Although the correlation between intake and excretion was weak it shows that there is a relationship between intake and excretion within the same day. Iodine content in a speci®c food can vary considerably e.g. iodine in cod®sh has been shown to vary from 12 to 652 mga100 g (Saxholt, 1996) . Therefore, a close correlation between iodine intake determined from food composition tables and iodine excretion cannot be expected.
There was no relation between iodine intake on one day and iodine excretion on the following day which may indicate that most iodine is excreted the same day.
Only few studies have investigated iodine intake in relation to iodine excretion. In one study (Nath et al, 1992) urinary iodine excretion increased gradually with increasing intake of iodinated salt. Iodine from food is believed to be absorbed ef®ciently (about 90%) (Hurrell, 1997) . Furthermore, the study showed that even in highly motivated people it is dif®cult to get complete 24-h urine samples. Figure 2 Within-day variation in urinary iodine excretion expressed as IaCr*24 h Cr. Study 2.
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The results of the second study suggest that iodine excretion given as a concentration would underestimate the iodine status and the preferred measure for iodine status in casual urine samples in a healthy Danish population is IaCr*24 h Cr. Further, it suggests that the casual urine sample can be taken at any time during the day except as a morning fasting urine. In contrast to Sackett-Lundeen et al (1990) but in accordance with Thomson et al (1996) we did not ®nd any clear circadian rhythm in iodine excretion although the iodine excretion seems to be lowest in the morning. Likewise, Haas et al (1988) did not ®nd any difference between iodine excreted in ®ve hours in the afternoon and iodine excreted in ®ve hours in the evening in a Danish population indicating no circadian rhythm in iodine excretion.
The individual iodine excreted varied considerably during the day. This means that it is not possible to classify an individual as high or low iodine intaker from a casual urine sample. A subject classi®ed as having a very low intake could, in a sample taken a few hours later, be classi®ed as having a very high iodine intake. The reason for this great within-day variation could not be determined. It cannot be explained exclusively because of variations in iodine intake during the day.
It has been recommended to express casual urinary iodine in population surveys as a concentration (Bourdoux, 1993) . However, this will underestimate iodine status in our population because the mean urinary volume is clearly above one litre per day. This does not apply only to the subjects which took part in this study but is expected to apply to the general Danish population as well because the total intake of beverages based on the Danish National Dietary Survey is more than 2400 mLad on average (Andersen et al, 1996) . To this volume should be added uid in food, which is estimated to 1000 mLad and metabolic¯uid. Even though some¯uid is lost with expired air, sweat, and in faeces, the urinary output will still be more than 2000 mL on average with great individual variation.
Others have come to the conclusion that the IaCr ratio is not a suitable index for assessing iodine status (Bourdoux, 1993; Thomson et al, 1996; Thomson et al, 1997) . One reason is that in populations with (protein) malnutrition the creatinine excretion will be below normal values leading to an overestimation of the iodine intake. However, this argument cannot be used in a well-nourished population like the Danish. Another argument is that the IaCr ratio in general underestimates iodine status compared to 24-h urinary iodine and that women's iodine status is over- Figure 3 Within-day variation in urinary iodine excretion expressed as mgah. Study 2.
Day-to-day and within-day variation in urinary iodine excretion LB Rasmussen et al estimated compared to men's. These problems could be overcome by multiplying the IaCr ratio with the age-and sex-adjusted 24-h creatinine excretion. Without this correction the IaCr measure is not usable to determine the iodine status in a population but can only be used if similar groups are compared. Moreover, the 24-h creatinine excretion shows inter-and intra-individual variation. Finally, the creatinine excretion has been found to vary throughout the day. In our study we also found some variation in creatinine excretion between and within individuals but the variations in diureses were greater. This has been described before (Scott & Hurley, 1968) . Likewise, although creatinine excretion was not constant throughout the day no clear diurnal pattern was found. Therefore, in population surveys these variations do not seriously in¯uence the iodine excretion level. The last argument against the use of the IaCr ratio is that a correlation between IaCr and Cr has been found (Thomson et al, 1996; Furne Âe et al, 1994) indicating that expressing urinary iodine concentration in terms of creatinine concentration is inappropriate. In this study this correlation was not found but a correlation between iodine concentration (IamL) and urinary volume (mL) was found, indicating that iodine concentration could be an inappropriate term as well.
The IaCr ratio, after being corrected for 24-h creatinine excretion, has the advantage of being directly comparable to the intake. We conclude that the IaCr ratio is usable in a healthy, well-nourished adult population if corrected for the age-and sex-adjusted 24-h creatinine excretion. Furthermore, the time for collecting casual urine samples seems not to be important, but it is recommended to take samples from different times during the day and our results suggest that the use of fasting morning urine should be avoided. For determination of iodine status in an individual more than one 24-h urine must be used. Moreover, if 24-h urine is used it is advisable to validate the urine collections for completeness, e.g. with the use of PABA.
